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FILTER CARTRIDGE CONSTRUCTION 



BACKGROUND OF THE INVENTION 

The present invention relates to membrane filtration modules and a filtration 
cartridge that are more sanitary and are easier to replace and install than presently available 
filtration modules. More particularly, the present invention relates to a filtration cartridge 
and membrane filtration modules formed from a filtration cartridge, a reusable bowl, a 
5 reusable manifold and a reusable connecting device to connect the filtration cartridge, 
retaining bowl and manifold together. 

The control of particulate contaminants in a filtration process such as in the 
semiconductor industry requires the use of ultraclean filters having membranes that remove 
submicron particles. It is well known that any particle that is deposited on a semiconductor 
10 wafer produces a defect when the particle is sufficiently large. Typically, in the 

semiconductor industry, failed defects can be produced by particles as small as about one 
tenth of the smallest features of the semiconductor chip. Therefore, membrane filters are 
used in every process step for producing semiconductor chips to purify both working liquids 
and gases. 

15 Although many different designs have been developed for a filtration module used in 

an ultrapure liquid filtration, two designs are prevalent. In one module design, liquid to be 
filtered flows from one end of the filtration module to the other end. In this class of 
filtration modules, the feed and permeate connections are located at opposite ends of the 
filter thereby forcing the liquid flow to move from one end to the other. This flow 

20 configuration is referred to as an in line flow configuration. These filtration modules suffer 
from two disadvantages. First, they are more difficult to connect to the process equipment 
since the module is sandwiched between two sets of connections. Second, any free liquid 
remaining within the module quickly drains upon disconnection of the module because at 
least one connection is positioned at the bottom of the module. 

25 A second filtration modular design locates all of the connections at the same end of 

the module. In this type of module, the feed and permeate ports are typically horizontally 
oriented at the top of "head" end of the module on opposite sides thereof. Due to their 
shape, these modules are referred to as having a T configuration. The T configuration 
facilitates connection of the head to the remaining portion of the filtration module 
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comprising the bowl and the filtration cartridge positioned within the bowl. In this design, 
the bowl and filtration cartridge comprise separate elements. Thus, when constructing the 
filtration module, the filtration cartridge and the bowl are separately secured to and sealed to 
the manifold head. In addition, upon completion of filtration, the bowl and cartridge are 
5 separately removed from the head. This separate removal requires that the bowl be moved a 
distance substantially greater than the entire length of the cartridge thereby exposing the 
cartridge to permit its removal. Thereafter, the exposed cartridge is removed by hand or 
with a hand tool. Since the filter cartridge is saturated with the liquid being filtered which is 
often times corrosive or toxic, the cartridge removal step presents a danger to the worker. In 

1 0 addition, since the bowl must be moved the length of the cartridge, the space within which 
the bowl and cartridge are positioned must accommodate this removal step. 

It has been proposed in U.S. Patent 5,1 14,572, to provide a filter assembly which 
cooperates with a bowl to produce a filter cartridge-bowl construction which can be 
demounted as a single unit from a manifold. The filter cartridge is connected to the bowl by 

1 5 bayonet connections on the cartridge which fit into grooves within the interior surface of the 
bowl. The filter bowl is directly attached to the filter head by a bayonet connection that fits 
into slots in the head. The cartridge fits into the bowl at a position below the top of the bowl 
where the bowl-head connection is effected. Since the bowl is narrower at the bowl body 
than at the top of bowl, the bayonet connection at the narrow portion of the bowl increases 

20 blockage of fluid through the bowl. 

Accordingly, it would be desirable to provide a cartridge-bowl connection which 
minimizes fluid blockage by positioning a cartridge-bowl connection at the top of the filter 
medium portion of the cartridge. In addition, it would be desirable to provide such a 
cartridge having a connection means which are clearly visible so that connection of the 

25 cartridge to the bowl is facilitated. Such a cartridge would promote ease of inserting the 

filter cartridge into the bowl, would eliminate the danger to the worker in removing the filter 
cartridge subsequent to filtration and would reduce the space required to install the filtration 
module. 

30 SUMMARY OF THE INVENTION 

In accordance with this invention, a filtration module is provided comprising a 
manifold, and the combination of a filtration cartridge and bowl wherein the filter cartridge 
and bowl are locked together to be installed and removed as one piece from the manifold. 
The filtration cartridge comprises a filter medium sealed at both ends with an end cap. One 
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of the end caps includes at least two flanges and a fluid passageway for fluid communication 
between the manifold and the interior of the cartridge. The flanges extend outwardly from 
the end cap and beyond an outside vertical surface of the filter medium. The flanges are 
designed to fit into slots in the bowl thereby to effect connection of the cartridge to the 
5 bowl. The end cap and flanges are positioned above the filter medium so that the flanges 
can be connected to the top portion of the bowl. The flanges on the end cap which secure 
the cartridge to the bowl permit the cartridge and bowl to be removed as one piece from the 
manifold. In one aspect of this invention, an end cap having at least two flanges is provided. 
The end cap can be bonded to an end of a filter cartridge of any construction so that the filter 
1 0 cartridge can be secured to a bowl. In another aspect of this invention, a bowl is provided 
which has a collar having at least two slots which accommodate the flanges of the end cap. 
The bowl and collar can be unitary construction or can be formed from two separate pieces 
which can be joined such as with screw threads. 

BRIEF DESCRIPTION OF THE DRAWINGS 
15 Fig. 1 is a cross sectional view of a filter module of this invention. 

Fig. 2 is an isometric view of a filtration cartridge top of this invention. 

Fig. 3 is an isometric view of a collar used in conjunction with the cartridge of Fig. 

2. 

Fig. 4 is an isometric view illustrating a bowl and collar of this invention. 
20 Fig. 5 is a bottom perspective view of an alternate key of this invention. 

Fig. 6 is a partial cross sectional view of the position of the key of Fig. 5 on the 
collar shown in Fig. 7. 

Fig. 7 is a perspective view of a collar having slots to accommodate the key of Fig. 

5. 

25 Fig. 8 is a top perspective view of an alternate key of this invention. 

Fig. 9 is a perspective view of the key of Fig. 8 fitting with the collar of Fig. 7. 
Fig. 10 is a perspective view of an end cap of this invention. 
Fig. 1 1 is a perspective view of an alternative end cap of this invention. 
DESCRIPTION OF SPECIFIC EMBODIMENTS 
30 The present invention provides a filter cartridge and a filtration module formed of a 

manifold, the filtration cartridge and a bowl. The manifold provides fluid pathways for fluid 
feed into the filtration cartridge and permeate removal from the filtration cartridge. The 
bowl provides a means of storing fluid feed to permit its introduction into the filtration 
cartridge or to store permeate from the filtration cartridge to be directed to the manifold and 
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then from the filtration module. Fluid feed can be introduced into the filtration cartridge 
through the manifold either from the outside of the filtration cartridge or from within the 
interior of the filtration cartridge. The fluid in the bowl adjacent the filtration cartridge can 
be either fluid feed or permeate. In any event, the fluid feed is introduced from a manifold 
5 into the filtration cartridge, permeate is removed from the filtration cartridge from the 
manifold and sealing is provided to prevent admixture of fluid feed and permeate. 

The filtration cartridge and bowl are constructed so that they are sealed with the 
manifold or removed from contact with the manifold as one piece. The filtration cartridge is 
sealed with two end caps, one of which is provided with a fluid passageway. The cartridge is 

10 provided with an end cap having at least two flanges formed integrally therewith and with a 
fluid passageway of the cartridge. The fluid passageway can function as an inlet or outlet of 
the cartridge. The flanges are configured to effect locking of the cartridge to the top portion 
of the bowl. Since the flanges are positioned above the filter medium, the cartridge can be 
secured to the top portion of the bowl having a larger diameter than the body of the bowl 

1 5 fluid blockage by flange is less than that when the flanges are positioned between the 

cartridge and the body of the bowl. Subsequent to a filtration, the bowl and filter cartridge 
are removed from the manifold as a single piece rather than as two separate pieces. Since 
the bowl and filter cartridge are removed together, the filtration cartridge need not be 
removed from the bowl. Thus, a space substantially equal to the length of the filtration 

20 cartridge and the bowl together need not be provided to remove the filtration cartridge. 
Only a space as long as substantially the length of the bowl need not be provided. This 
permits one to install a filtration cartridge of this invention within a smaller space as 
compared to the space required with present filtration modules. In addition, since the 
filtration cartridge is removed with the bowl, it need not be handled by a worker either by 

25 hand or with a hand tool. This substantially reduces the possibility of contacting fluid 

within the bowl with a worker. The bowl optionally can contain a drain for removing fluid 
before removal. 

In one aspect of this invention, an end cap is provided which can be bonded to an 
end of a filter cartridge. The end cap includes at least two flanges which can be fit into slots 
30 in a bowl so that the filter cartridge can be secured within the bowl. The end cap also is 
provided with a fluid passageway which can be utilized either as a fluid inlet to the filter 
cartridge or a fluid outlet from the filter cartridge. 

In another aspect of this invention, a bowl is provided which has a collar with at least 
two slots which extend through the thickness of the collar. The slots accommodate the 



WO 03/082434 




PCT7US03/04165 



flanges of the cap to provide a means for securing the filter cartridge within the bowl. The 
collar and bowl can be of unitary construction of from two separate elements that can be 
joined together such as with screw threads. 

Referring to Fig. 1, a filtration module 10 comprises a manifold 12, a bowl 14 and a 
5 filter cartridge 16. A threaded ring 1 8 is positioned on the outside surface 20 of bowl 14 and 
is retained thereon by bead 22 which extends around the circumference of the bowl 14 and 
lip 24. By controlling the size and flexibility of bead 22, the ring 1 8 can be slipped over the 
bead 1 8 to position the ring 1 8 or the bead 22 can be formed on the bowl 14 after the ring 1 8 
is positioned as shown. 

10 The ring 18 is substantially fixed in its position relative to the bowl 14, i.e., it cannot 

move any substantial distance along the length of the bowl 14. When its threads 26 and 28 
are drawn together, the ring 18 carries or drives the cartridge 16 into affirmative contact 
with manifold 12 to effect sealing with O-rings 1 1 and 13. Conversely, when the ring 18 is 
rotated so as to drive the threads 26 and 28 apart, the cartridge 16 is positively carried or 

1 5 driven away from the manifold 1 2. Sealing of the bowl 14 to the abutting manifold 12 is 
effected by Oring 17. The bowl is moved into contact with the manifold 12 vertically 
without rotating the bowl 14. 

The cartridge 16 is connected to bowl 14 by flanges 15 on end cap 30 which mate 
with slots 32 in collar 34. The collar 34 is threaded into bowl 14 by threads 36. The collar 

20 34 extends about the entire inner circumference of bowl 14. Alternatively, the bowl and 
collar can be formed of one piece in the shape of bowl 14 and the collar 34 such as by 
molding. Fluid passageway 42 includes sealing O-rings 1 1 and 1 3 and can function as an 
inlet or outlet for cartridge 16. When the fluid passageway functions an inlet, fluid is 
introduced into inlet 44 of manifold 1 2. When the fluid passageway 42 functions as an 

25 outlet, fluid is introduced through inlet 46 of manifold 12. Since flanges 15 do not extend 
about the entire circumference of the key 30, fluid is capable of by-passing the end cap 30 to 
flow into the manifold 12. 

Referring to Fig. 2, the filter cartridge 16 includes a top cap 30 having flanges 15 
formed integrally therewith, a bottom cap 21 , a filter 23 and a porous housing 25. The 

30 flanges 15 extend outwardly from the vertical surface 25. The caps 30 and 21 are sealed to 
the ends of the filter 23 to prevent admixture of fluid feed with permeate. The structure of 
the filter cartridge 16 assures that fluid entering the filter cartridge 16 passes through the 
filter 23 prior to exiting the filter cartridge 16. The filter 23 can be a depth filter, a pleated 
filter or the like. 
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Referring to Fig. 3, the collar 34 includes two cutouts 41 and two vertical extensions 
43. Each vertical extension 43 includes a slot 32 (one not shown). The slots 32 fit with and 
accommodate flanges 15. The angle subtended by slots 32 depend upon the flexibility of 
the material used to make end cap 30 and collar 34. The slots 32 subtend an angle of at least 
5 about 1 5 degrees, preferably between about 30 and about 45 degrees when the end cap 30 
and collar 34 are made of relatively flexible polymer of perfluoro(alkylvinyl ether) (PFA). 
When the end cap 30, flanges 1 5 and collar 34 are made of relatively rigid material such as 
high density polypropylene, these angles can be about one-half that for PFA. This size angle 
with these exemplary materials provides a desired contact surface between the flanges 15 

10 and the slots 32 so that the end cap 30 is not separated from the collar 34 during use of the 
filtration module 10. The collar 34 can include detents. The collar 34 also includes optional 
vertical slots 17 which permit drainage of fluid between the collar 34 and the manifold 12. 

Referring to Fig. 4, a bowl and collar construction of this invention is shown. The 
collar 34 is threaded into the bowl 14. Alternatively, the collar and bowl 14 can be molded 

1 5 as one piece. The bowl 1 4 includes a plurality of stops 50 which support a locking ring (not 
shown). The bowl 14 includes a drain 17 that can be open or closed. The drain 17 is closed 
during filtration. 

While the end cap of this invention has been described with reference to two 
opposing flanges, it is to be understood that the end cap can be provided with more than two 

20 flanges. At least two flanges are required in order to prevent the cartridge from pivoting 

with respect to the bowl. The orientation and angle subtended by the flanges 1 5 are such as 
to permit their insertion into the slots 32 of collar 34. 

The embodiment of Fig. 2 is inserted into the collar of Fig. 3 by aligning the flanges 
1 5 with cutouts 41. The end cap 30 and filter cartridge 1 6 are then rotated so that flanges 1 5 

25 fit into slots 32 thereby securing the cartridge 16 to the collar 34. 

In one aspect of this invention, the key is provided with an outside surface 
configuration which mates with an inside surface configuration of the collar attached to the 
bowl in order to center the filter cartridge to which it is attached within the bowl. Centering 
the cartridge within the bowl allows for a smooth mating of the key and collar when the key 

30 is rotated into the collar. The outside surface configuration of the key includes a small 
groove. While this outside surface configuration is not required in this invention, in its 
absence, the key will slide from side to side within the collar thereby increasing difficulty of 
engaging the key and collar. 
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Referring to Figs. 5 and 6, the key 70 includes a groove 72 on each key leg 74 and 
76 which mates with a surface 78 of collar 80. While Figs. 9 and 10 include bosses 82, they 
are not necessary to the groove's 72 function. The purpose of the bosses 82 are described 
below. 

5 In another aspect of this invention, the collar of this invention is provided with slots 

which extend through the thickness of the collar. The slots mate with bosses on the key to 
provide an improved fit between the collar and the key. The bosses are configured to cause 
mating slots on the collar to expend outwardly when the key is rotated into position until the 
bosses fit into the o pen slots. At the point of fitting, the slots contract toward each other 
10 and thus overlap renders it more difficult for the key to become detached from the collar 
during use. 

Referring to Figs. 7, 8, and 9, the collar 84 includes two opposing slots 86 and 88 

into which fit the bosses 82 when the key 90 is rotated into position into collar 84. 

Expansion of the slots away from each other is caused by contacting the bosses 82 with the 
15 inside surfaces of the collar 84. The distance between the outside surfaces of the bosses 82 

is slightly larger than the distance between opposing inside surfaces of the collar 84. 

Referring to Fig. 10, an end cap 92 of this invention comprises a fluid passageway 

94 having O-rings 96 and 98. The end cap 92 includes a plate 100 having flanges 102 and 

104. the flanges 102 and 104 fit into slots of a housing such as slots 86 shown in Fig. 9. 
20 The flanges 102 and 104 also are provided with bosses 106 and 108 which promote securing 

the end cap 92 is secured, such as by bonding to an end of a filter cartridge such as 

illustrated in Fig. 2. 

Referring to Fig. 1 1 , an alternative end cap 1 50 of this invention is shown. The end 
cap 1 10 does not include the bosses of the end cap of Fig. 10. The end cap 1 10 includes a 
25 plate 100, flanges 102 and 104, a fluid passageway 94 and O-rings 96 and 98. The flanges 
102 and 104 fit into slots of a collar of a bowl such as shown in Fig. 9. 



